Abstract In the present study, we aim at relating Forbes' remarkable paper on ''The lake as a microcosm'', published 125 years ago, to the present status of knowledge in our own research group. Hence, we relate the observations Forbes made to our own microcosm, Lake Krankesjön in southern Sweden, that has been intensively studied by several research groups for more than three decades. Specifically, we focus on the question: Have we made any significant progress or did Forbes and colleagues blaze the trail through the unknown wilderness and we are mainly paving that intellectual road? We conclude that lakes are more isolated than many other biomes, but have, indeed, many extensions, for example, input from the catchment, fishing and fish migration. We also conclude that irrespective of whether lakes should be viewed as microcosms or not, the paper by Forbes has been exceptionally influential and still is, especially since it touches upon almost all aspects of the lake ecosystem, from individual behaviour to food web interactions and environmental issues. Therefore, there is no doubt that even if 125 years have passed, Forbes' paper still is a source of inspiration and deserves to be read. Hence, although aquatic ecology has made considerable progress over the latest century, Forbes might be viewed as one of the major pioneers and visionary scientists of limnology.
Introduction
To honour the 125-year anniversary of Forbes' remarkable paper on ''The lake as a microcosm'' (Forbes 1887; reprinted 1926) , we were invited to write a paper reflecting on this pioneering work, but also on the advances aquatic ecology and limnology has made since then. Based on these prerequisites, we decided to relate the observations Forbes made to our own microcosm, Lake Krankesjön in southern Sweden, that has been intensively studied by several research groups for more than three decades. Hence, we here aim to put our own studies into the context of what Forbes observed 125 years ago and specifically focus on the question: Have we made any significant progress or did Forbes and colleagues blaze the trail through the unknown wilderness and we are mainly paving that intellectual road? This means that here we will mainly refer to studies performed in one lake by one research group, although we are fully aware of that our studies might not in all cases illustrate the research front and we indeed acknowledge the advancements made by other groups. However, since research groups as ours are by no means working in isolation, but communicate with the research community through publications, congresses and collaborations, our specific research group may reasonably well mirror the level of general progress in relation to Forbes' study performed a century ago. Hence, we believe there is some general understanding to gain, and possibly also a general interest as a historical document by relating one thoroughly studied ''microcosm'', in this case L. Krankesjön, Sweden (Box 1), to what Forbes described from some American lakes a century ago.
First of all it might be worth contemplating somewhat about why Forbes' paper has remained influential for more than a century and, in addition, is now celebrated in a renowned journal as Aquatic Ecology. Obviously, the number of journals and publications has increased tremendously since 1887 so a lot of excellent studies are probably hidden in the noise. However, some attributes might be possible to identify, for example, that the paper by Forbes was based on solid data (but not necessarily better than what is produced today), had a title which still is very provocative saying that lakes are something closed from other biomes-they are microcosms. Forbes expressed the microcosm idea as: ''… if every terrestrial animal were suddenly annihilated it would doubtless be long before the general multitude of the inhabitants of the lake would feel the effect of this event in any important way'' (Forbes 1926) ; p. 537; note that we will here refer to the 1926 edition. Although thought provoking, this may not be completely correct, and in the present paper, we aim at addressing the potential extensions such a microcosm might have. Although Forbes' paper is not scientifically very precise and expressions like ''16 or so bivalves were found'' are common, most circumstantial or esoteric sections end with a reflective paragraph. Those reflections were made in the spirit of the time and were very provocative and constituted a signal of what should come. Hence, Forbes' paper was very timely, appearing just after Darwin's book on ''The Origin of Species'' (Darwin 1859) , and also broke new ground by not only observing, but also synthesizing the observations and making connections between abiotic and biotic processes and thereby setting the stage for a new integrative discipline: Ecology.
In the present paper, we have subjectively selected some of Forbes' reflections and will below relate these to our present knowledge. Hence, we will use citations from Forbes' paper, and provide examples of where, and in what way, research has made advancements (or not) since then. As a starting point, we will consider thoughts which illustrate the dawn of modern ecological research.
The dawn of ecology and cascading trophic interactions
''If one wishes to become acquainted with the black bass, for example, he will learn but little if he limits himself to that species'' p. 537 (Forbes 1926) .
This way of thinking is currently a central tenet of ecology, that is, a specific organism has to be studied in the context of its environment. Moreover, Forbes also explicitly pointed out cascading trophic interactions (Carpenter et al. 1985) , which is an expansion of Box 1 About Lake Krankesjön Lake Krankesjön is situated in southern Sweden (55°42 0 N, 13°28 0 E) and has a drainage area of 53 km 2 , mainly consisting of open fields (about 70 %) and forests (15 %). The lake covers an area of 2.9 km 2 and has a mean depth of 0.9 m (Hargeby et al. 1994; Blindow et al. 2006) . With an average summer total phosphorus concentration of 38 lg L -1 , 1.3 mg L -1 nitrogen and 17 lg L -1 chlorophyll-a, L. Krankesjön is moderately eutrophic (Hargeby et al. 1994) . During periods with clear water, the bottom is covered with submerged plants, especially charophytes, which dominate the bottom vegetation of most of the lake. Smaller areas with Potamogeton pectinatus also occur. The lake is fringed by reeds Phragmites australis that form more extensive beds in the western and south-eastern parts of the lake. In the eastern part, there are also a few small, isolated clumps of reeds as well as low, island-like stands of mainly Acorus calamus and Sparganium. The cover (%) of submersed macrophytes was estimated by mapping from boat during July or August, complemented with estimates from aerial photographs
The planktivorous fish roach (Rutilus rutilus) is the most abundant fish species in the lake. Other planktivorous and benthivorous species common in Krankesjön are rudd (Scardinius erythrophtalmus (L.)), tench (Tinca tinca), bream (Abramis brama (L.)) and white bream (Blicca bjoerkna (L.)). Piscivorous fish species common in Krankesjön are perch (Perca fluviatilis) and pike (Esox lucius) (Hansson et al. 2007) the food web theory (Lindeman 1942; Hairston et al. 1960; Hrbácek et al. 1961) , by stating that top predators may indeed affect the abundance of their prey, that is, top-down control, for example:
Evidently each of this classes must act as a check upon the one preceding it. The development of animalcules (small animals; our clarification) is arrested and soon sent back below its highest point by the consequent development of Entomostraca; the latter, again, are met, checked, and reduced in number by the innumerable shoals of fishes with which the water speedily swarms (pp. 538-539). and: Next, looking to the food of the species which the bass (predator; our clarification) has eaten, and upon which it is therefore indirectly dependent, I find that one kind of the fishes taken feeds upon mud, algae and Entomostraca (old expression of a subclass of Crustacea; our clarification), and other upon nearly every animal substance in the water, including molluscs and decomposing organic matter … At only the second step, therefore, we find our bass brought into dependence upon nearly every class of animals in the water (pp. 547-548).
This paragraph describes in a very illustrative way how feeding links ''cascade'' through several trophic levels, and although a multitude of studies, both theoretical and empirical, have fine tuned the concept and quantified many of the links, the observations Forbes provided are still valid. Moreover, in addition to observing food web interactions, Forbes also noted that predation is a very important structuring force.
Predator-prey interactions
But the enemies of these bass do not all attack by appropriating its food supplies, for many devour the little fish itself. A great variety of predaceous fishes, turtles, water snakes, wading and diving birds and even bugs of gigantic dimensions destroy it on the slightest opportunity (p. 548).
In addition to pointing out predation as important, Forbes implicitly here suggests that predation, as most interactions in fish communities, is size structured (e.g. Persson et al. 2004) , that is, also small individuals of top predator species are susceptible to predation. Such intraguild predation (e.g. Mehner et al. 1996) can originate from both inter-and intra-specific predation, as cannibalism is common among piscivorous fish (e.g. Giles et al. 1986; Smith and Reay 1991; Nilsson and Brönmark 1999) . The direct effects of cannibalism can control top predator densities and thereby reduce the top-down trophic cascades from predation in aquatic systems (Grimm 1981; Carpenter and Kitchell 1993) , as well as reduce the probability of success for biomanipulation of lake systems by adding piscivores . Cannibalism and intraspecific interactions can have effects beyond direct predation. Agonistic interactions between piscivores are dangerous in the forms of possible injury, kleptoparasitism and mortality, and individuals trade off and alter behaviours to avoid such potential costs (Nilsson and Brönmark 1999; Nilsson 2006; Nilsson et al. 2006) . If the trade-off invokes reduced activity and foraging, individuals avoiding interactions will have a reduced effect on prey, with consequences for community and trophic processes (Fryxell and Lundberg 1998; Nilsson 2001; Nilsson et al. 2007) . Hence, behavioural responses may alter the encounter rates and the outcome of predator-prey interactions.
Behavioural responses
Hiding under stones and driftwood, insect larvae (our clarification) well aware, no doubt, what enticing morsels they are to a great variety of fishes (p. 544).
Exposure to potential predators often elicits behavioural responses in prey organisms, such as the one described by Forbes above. Unknown at that time was that many prey taxa are able to sense the presence of a predator through chemicals in both freshwater and marine ecosystems (Brönmark and Hansson 2000) . The area of chemical ecology has expanded considerably and is currently a field of significant importance for many ecological studies (Brönmark and Hansson 2012) . Generally, these aspects are studied between one predator and its prey, but multi-trophic responses have been observed, such as for planktivorous fish which hide in the vegetation in the presence of predators. This results in a ''behavioural cascade'' where zooplankton, previously hiding from planktivorous fish in the vegetation, leave this habitat since the open water is safer (Romare and Hansson 2003) . Although Forbes made very sharp observations of behavioural responses, his study was restricted to the summer season. An interesting, but often neglected, behavioural response occurring during winter is the mass-migration of planktivorous fish from the lake to streams and surrounding wetlands (Hansson et al. 2007; Brönmark et al. 2008) . In many lakes, for example, L. Krankesjön, a considerable amount of planktivorous fish, some years up to 60 % of the population, migrate from the lakes in autumn and back again in spring, and are actually away from the lake during a considerable part of the year! (Fig. 1) . Such winter migrations have recently been shown to be a general phenomenon in many shallow lakes (Jepsen and Berg 2002; Skov et al. 2008 Skov et al. , 2010 Skov et al. , 2011 . The likely driving force behind this mass-migration is the classical compromise where an organism has to balance the risk of predation against foraging opportunities, that is, an attempt to optimize the Predation risk/Growth potential ratio (P/G; (Hansson et al. 2007; Brönmark et al. 2008 Brönmark et al. , 2010 . However, also fall and spring temperatures affect the timing of the migratory event . Although a lot of fish are migrating, not all do (Fig. 1) , suggesting that this is a partial migration phenomenon (Chapman et al. 2011a ). Hence, depending on the amount of fish involved in the migration in a specific year, the effect from fish predation on lower trophic levels will differ (Hansson et al. 2007; Brodersen et al. 2011) . Interestingly, the migratory behaviour is also affected by individual personality, that is, bold, more risk-taking, individuals are more prone to undertake migration than shy ones (Chapman et al. 2011b) . Hence, our knowledge of winter ecology and individual behaviour has expanded somewhat since Forbes made his observations.
Non-behavioural responses
Prey not only respond behaviourally, but may also show morphological or physiological responses to predator presence, such as the classical Daphnia cyclomorphosis (Wesenberg-Lund 1900 , 1908 Woltereck 1913; Laforsch and Tollrian 2004) or the predator-induced phenotypical change in crucian carp (Carassius carassius) (Brönmark and Miner 1992) . Moreover, also Forbes observed and described nonbehavioural responses to predation risk, for example, regarding pelagic zooplankton:
These pelagic forms, as they are called, are often exquisitely transparent, and hence almost invisible in their native element-a charming device of Nature to protect them against their enemies in the open lake, where there is no chance of shelter or escape (p. 545).
Hence, by just observing, Forbes made the connection between zooplankton transparency and predator protection which has been repeatedly corroborated (Luecke and O'Brien 1981) . Moreover, he also observed diel vertical migrations (DVM) in zooplankton, that is, combined behavioural and physiological responses: Some (Entomostraca; our addition) prefer the open water, in which they throng locally like shoals of fishes, coming to the surface preferably by night, or on dark days, and sinking to the bottom usually by day to avoid the sunshine (p. 545).
Although Forbes correctly associated this DVM with zooplankton avoidance of sunshine (see above), we currently know that it is the ultraviolet (UV) radiation that they avoid, whereas zooplankton actually are attracted by visible light (Storz and Paul 1998) . In addition, Forbes did not connect predator threat with DVM (Zaret and Suffern 1976; Dodson 1990) , and did not observe that not all zooplankton are transparent. Instead, we now know that there are pigmented ones and that pigmentation differs depending on the predator threat, as well as the threat from ultraviolet radiation (Hansson and Hylander 2009a) . Hence, with respect to the ''exquisitely transparent'' zooplankton, we now know that the transparency is not only a defence against predation, but also that the level of pigmentation is inducible at an individual level, that is, a trade-off between being protected against predators (fish) and UV radiation (Hansson and Hylander 2009a; Williamson et al. 2011) . Moreover, to the defence strategies of zooplankton against fish predation and UV radiation, we may also add diel vertical migration (see above). Interestingly, all age classes of large cladoceran species (Daphnia magna) respond to UV radiation by rapidly swimming downwards (the Daphnia ''light dance''; (Storz and Paul 1998) . However, small-sized (young) Daphnia show little behavioural response to fish predator cues, whereas larger specimens react strongly to a potential predator threat, that is, Daphnia make size-structured risk assessments (Hansson and Hylander 2009b) . Hence, within the area of zooplankton morphology, behaviour and defences, we can add some observations and mechanisms which make the overall picture of zooplankton ecology more complete.
Competition
And now, if we search for its (the bass; our clarification) competitors we shall find these also extremely numerous. In the first place, I have found that all our young fishes except Catostomidae feed at first almost wholly on Entomostraca, so that the little bass finds himself at the very beginning of his life engaged in a scramble for food with all the other little fishes in the lake (p. 548).
The observation that young individuals of predator species are competing with prey species has been expanded and studied in detail since Forbes days with respect to, for example, perch (Perca fluviatilis) and roach (Rutilus rutilus) (Persson 1983) . However, competition and predation do not act independently of each other but in concert, as illustrated, for example, by a study in L. Krankesjön, where zooplankton were exposed to different levels of resources (algae) and predation from fish . The main conclusions here were that at low-predation pressure (low fish abundance), competition among zooplankton was most important for the population size. Moreover, zooplankton prey were able to withstand higher predation pressure at high than at low resource levels, that is, high resource supply buffers against predation at the population level .
Population dynamics
It is a self-evident proposition that a species can not maintain itself continuously, year after year, unless its birth-rate at least equals its death-rate.
If it is preyed upon by another species, it must produce regularly an excess of individuals for destruction, or else it must certainly dwindle and disappear. On the other hand, the dependent species evidently must not appropriate, on average, any more than the surplus and excess of individuals of which it preys, for if it does so it will continuously diminish its own food supply and thus indirectly but surely exterminate itself (p. 549).
That predators rarely completely eradicate prey is commonly observed, for example, in herbivore-prey interactions between zoo-and phyto-plankton (Fig. 2 ) so this reflection by Forbes was, as so often, correct. However, he implicitly suggests in the above citation that it is some sort of an agreement between consumer and prey that the prey should produce food for the consumer and that the consumer should stop feeding when prey abundance becomes too low. He, more explicitly, say the same thing in the following paragraph:
… We thus see that there is really a close community of interest between these two seemingly deadly foes (predator and prey; our clarification) (p. 549).
We know now that there are no such agreements and it is not a ''close community of interest'' between predator and prey and that natural selection acts on individuals, not on groups. Instead we know that the predator would, if it had the opportunity, completely eradicate the prey. However, in natural systems this rarely occurs partly due to that at low prey abundances the encounter rate between predator and prey decreases (Fig. 2) . Hence, a major difference between now and a century ago is that we are today not calculating with a ''Mother nature'' or a divine common interest among organisms. Although Darwin (1859) presented such thoughts a few decades before Forbes wrote his paper (1887), they had obviously not been fully adopted by Forbes. However, he let himself be inspired by many of the Darwinian concepts, such as ''natural selection'' (see below).
Succession
Along the same vein as for the predator-prey dynamics, Forbes reflected upon succession in freshwater systems:
Evidently each of this classes must act as a check upon the one preceding it. The development of animalcules (small animals; our clarification) is arrested and soon sent back below its highest point by the consequent development of Entomostraca; the latter, again, are met, checked, and reduced in number by the innumerable shoals of fishes with which the water speedily swarms (pp. 538-539).
This is the main concept of both temporal successions, described and discussed, for example, in the Plankton Ecology Group (PEG; (Sommer et al. 1986 (Sommer et al. , 2012 , and also the basis for the food web concept (Hrbácek et al. 1961; Carpenter et al. 1985) . The predator-prey successions described have been shown repeatedly in many studies and also seen in the long-term fluctuations of the plankton community in L. Krankesjön, where the spring peak in algal biomass is rapidly grazed down by a growing cohort of herbivorous zooplankton (Fig. 2) . Forbes described the ''tidal wave of life'' (p. 538) and that ''… this fluctuation affects the different classes successively, in the order of their dependence upon each other for food'', which can also be applied to the spring period when temperature increases. Then, algae increase in biomass, exploited by zooplankton and thereafter youngof-the-year (YOY) fish develop and start feeding, first on small zooplankton (rotifers) and then, as ontogeny proceeds, into larger zooplankton (Hansson et al. 2007; Nicolle et al. 2011 ).
Waterfowl and macrophytes
''All the northern and eastern part of the lake was visibly shallow -covered with weeds and feeding waterfowl'' (p. 541)''; ''… the shallower water black with water-fowl, and so clogged with weeds that a boat can scarcely be pushed through the mass … (p. 542).
The water quality (clarity) of lake water is very important for the development of submerged macrophytes, and there is a strong positive relation between water clarity and macrophyte cover (Fig. 3) . Moreover, submerged macrophytes are, in turn, very important for waterfowl, which has been an environmental issue since bird lakes are valued for recreational and ecosystem services (Marklund et al. 2002) . The observation by Forbes that waterfowl rely heavily on submerged macrophytes (''weeds'') has also been noted in the shallow L. Krankesjön, where waterfowl were virtually absent during periods when the lake was turbid from algae, such as in the beginning of the 1980s ), whereas they became very abundant when macrophytes returned, that is, there is a positive relation between macrophyte cover and bird abundance (Fig. 4) . Hence, during fall migration, more than 2000 coot (Fulica atra; (Källander et al. 2009; Hansson et al. 2010) ) take advantage of the extensive macrophyte beds (mainly Chara spp.). It should be noted that in L. Krankesjön not only birds directly feeding on macrophytes (herbivorous waterfowl, such as coot) respond to macrophyte expansions, but also, for example, diving ducks which feed on the immense amounts of invertebrates associated with the macrophytes (Fig. 4) . This was described by Forbes as ''… when lifting a handful of the latter (the macrophytes; our clarification), he finds them covered with shells and alive with small crustaceans'' (p. 542) (Fig. 4 ; (Marklund et al. 2002; Hansson et al. 2010 ). Hence, with respect to the relationships between macrophytes, with associated invertebrates, and waterfowl, the progress during 125 years has mainly been that we now can quantify and provide correlations, whereas the main conceptual ideas were developed more than a century ago.
Human influences on freshwater ecosystems
Recreational fishing I see no good reason why minnows should be so few, unless it be the abundance of pike and Chicago sportsmen (p. 544).
Pike (Esox lucius) are efficient piscivores that selectively forage on smaller size ranges of prey fish, despite their large gape sizes and remarkable abilities to consume large prey Brönmark 1999, 2000; . It is hence fully plausible that pike predation directly affects the abundance of zooplanktivores, and keeps small fish, such as minnows, at comparably low densities. Pike further grow to very large sizes (Raat 1988) , which is why they attract the attention of recreational anglers (Paukert et al. 2001; Arlinghaus and Mehner 2004) . Intuitively, angling on pike may reduce pike densities and thereby also the effects of pike predation on small zooplanktivore densities. However, anglers commonly use live or dead fish as bait when fishing. High abundance of pike, attracting pike anglers, can hereby increase bait fishing and reduce local densities of small fish. Although it is unlikely that the Chicago sportsmen (see above) affected the abundance of bait fish, such as minnows, more than locally, fishing may indeed affect fish populations. In order to reduce this human impact, 
Waterfowl (abundance)
Macrophyte cover (%) Invertebrate feeders Fig. 4 The relation between macrophyte cover (% of the bottom covered with macrophytes) and the number of resting herbivorous waterfowl, mainly coot (Fulica atra; r = 0.86; F = 25.00; p \ 0.001) and invertebrate feeding waterfowl (r = 0.68; F = 7.67; p \ 0.022) in Lake Krankesjön. Each data point represents 1 year (data from: Hansson et al. 2010) Aquat Ecol (2013) 47:125-135 131 catch-and-release (C&R) fishing is now commonly practiced, where caught fish are landed, unhooked and released at the capture location with the aim to cause fish as little harm as possible (Klefoth et al. 2008; Arlinghaus et al. 2009; Stålhammar et al. 2012) .
Although catch-and-release fishing was probably not practised 125 years ago, recreational fishing is a possible reason behind Forbes' comment on Chicago sportsmen, that is, even then recreational fishing might have affected fish populations.
Environmental problems … These fluviatile lakes are most important breeding grounds and reservoirs of life, especially as they are protected from the filth and poison of towns and manufactories by which the running waters of the state are yearly more deeply defiled (p. 538).
A century ago, environmental problems were generally local and aquatic ecologists were little involved in solving environmental problems. Today, environmental problems are generally far more regional, or even global, and widespread (Brönmark and Hansson 2002) , and few aquatic ecosystems are unaffected by, for example, eutrophication , acidification (Stenson et al. 1993) , alien chemicals (Bengtsson et al. 2004) or global climate change (Kosten et al. 2012; Hansson et al. 2013) . Moreover, aquatic ecologists are today much more involved in identifying new potential environmental problems, such as the rapidly increasing release of nanoparticles to aquatic ecosystems through the sewage system (Cedervall et al. 2012) . Aquatic ecologists are now also engaged in the process of solving, or at least rehabilitating, environmental problems, such as eutrophication through wetland construction (Hansson et al. 2005 ) and lake restoration, for example, by using biomanipulation (Hansson et al. 1998) , which has been evaluated in large scale, for example, in Lake Ringsjön, situated close to L. Krankesjön in southern Sweden . Fortunately, L. Krankesjön is little affected by environmental threats mainly as a result of low human population density and because the catchment is mainly used for extensive cattle grazing and as a military training area (Box 1). However, we have used water from L. Krankesjön in enclosure experiments addressing effects of environmental threats such as climate change, brownification and of endocrine disruptors (estrogens). Our primary findings here show that a temperature increase of 3°C-which is a moderate estimate of the temperature increase during the life time of the coming generation-will make the phytoplankton spring maximum advance about 2 weeks. Interestingly, however, small cladocerans, which is the main group of herbivores in L. Krankesjön, also advance their maximum abundance about 2 weeks, that is, we may not expect a mismatch between consumer and resource (Nicolle et al. 2012) , which has been shown, for example, between phytoplankton and large cladocerans (Winder and Schindler 2004) . Clearly, the knowledge of environmental threats has increased considerably during 125 years, although this is mainly due to that most of the environmental problems we have today did not exist in Forbes' days.
Materials and methods
In many scientific areas, the technological developments have been tremendous and a scientist 100 years ago would not be able to perform a study in, for example, a modern physics laboratory. This has also been the case in limnology, including molecular techniques, advanced chemical analyses, echo sounding techniques and also advanced monitoring devices, for example, the ones applied by the Global Lake Ecological Observatory Network (GLEON; (Hanson 2007) . It might, however, be of some interest to compare the devices Forbes used with what a ''modern'' aquatic ecologist uses for general, routine field sampling. Forbes listed the following supplies: ''… using the sounding line, deep sea thermometer, towing net, dredge, and trawl …'' (p. 540). L. Krankesjön has been manually monitored more or less intensively during almost three decades. The major equipment used is a Plexiglas pipe for water sampling, a bucket, a 55 lm net to sieve out zooplankton, a hand pump and a filter funnel to filter out chlorophyll. Hence, although we use GPS to find the exact sampling spot, the equipment used for sampling is, at least in our study lake, at a similar technological level as that used 125 years ago. Hence, although the technological advancements have been considerable, allowing new questions to be answered, the techniques and methods used by Forbes are to a large extent still appropriate.
Divine intrusions
In the text of Forbes, there is a multitude of both implicit and explicit references to a divine order, which is not far from what is still argued by apostles of, for example, the Intelligent Design movement (e.g. www.intelligentdesign.org). Below we provide some examples:
For every defensive device with which she (''Nature''; our clarification) has armed an animal, she has invented a still more effective apparatus of destruction and bestowed it upon some foe, thus striving with unending pertinacity to outwit herself (p. 549).
Whether or not Forbes used such references because he really believed in them or because he aimed at improving public relations, that is, to reach out with his message, is, of course, unknown to us. We may, however, state that irrespective of Forbes' own thoughts, modern ecological and evolutionary science has found explanations and causalities that are not including any divine intrusions. Hence, within this area, considerable advancements have been achieved during the last century. Notable is, however, that among the divine associations, Forbes added an expression that was, at that time, very modern and radical: natural selection as a driving force for evolution:
And next we note that this common interest is promoted by the process of natural selection; for it is the great office of this process to eliminate the unfit (p. 549).
Hence, irrespective of his own conviction, Forbes here paved the road from the previous religious way of viewing nature, to the new era where, for example, natural selection is a central issue. Moreover, this also indicates that Forbes was open to new concepts that could explain mechanisms and processes without involvement of religious explanations. For a natural scientist today, this may sound obvious, but was certainly provocative to express 125 years ago.
Lakes as microcosms-with extensions
To categorize lakes as microcosms is both a thought provoking and attractive approach. Lakes are, indeed, more closed than most terrestrial and marine biomes which makes them suitable for ecological studies since most organisms remain in the study system (the lake) throughout their life. However, lakes might not be entirely closed microcosms, which also shines through the Forbes' paper. For example, the sportsmen of Chicago (p. 544) are taking out fish biomass, and nutrients and pollutants (p. 538) are entering the lake through tributaries. Moreover, a lake is often viewed as a mirror of its catchment, that is, affected by, for example, humic substances, causing ''brownification'' (Graneli 2012) . We here also add the winter mass-migrations of fish to these exchanges with other biomes. Hence, a lake might be a microcosm compared to a terrestrial environment, but it has, indeed, extensions and is by no means isolated.
Irrespective of whether lakes should be viewed as microcosms or not, the paper by Forbes has been exceptionally influential and is, indeed, still a source for curiosity and creativity especially since he touched upon almost all aspects of the lake ecosystem, from individual behaviour to food web interactions and environmental issues. Hence, there is no doubt that even if 125 years have passed, Forbes' paper still deserves to be read and included in literature lists for PhD students, and although aquatic ecology has made considerable progress over the latest century, Forbes might be viewed as a scientist who paved the intellectual road for most of us.
